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Normal Valves, TOE assessment 
 
Dominique A Bettex, M.D.; Pierre-Guy Chassot, M.D. 
 
Introduction 
 
Transoesophageal echocardiography (TOE) is a well known and accepted technique to 
assess valvular anatomy, function and pathology. A careful and complete assessment of 
the different valves of the heart should be part of routine TOE examination. The Council 
for intraoperative TOE1 created guidelines for performing a comprehensive examination 
composed of a set of anatomically directed cross-sectional views. This document is the 
collective result of an effort that represents the consensus view of both 
anaesthesiologists and cardiologists who have extensive experience in perioperative 
echocardiography. We will be using mostly their standardized approach to assess the 
four valves of the heart. 
 
The mitral valve 
 
Anatomy  
 
Mitral valve (MV) anatomy is a complex entity constituted of 6 different parts: 2 leaflets, 
120 chordae tendinae (20 on the edges), 2 papillary muscles, the annulus, the fibrous 
skeleton of the heart and the left ventricular walls. During diastole, the MV allows rapid 
filling of the left ventricle under low pressure and minimal gradient (smaller then 4 
mmHg). The degree of opening of the leaflets reaches about 70° and the MV opening 
surface is 4 to 6 cm2. During systole, the MV has to oppose resistance against the high 
left ventricular pressures (up to 200 mmHg). The intraventricular pressure applies the 
leaflets again each other on the coaptation surface called zona rugosa. The coaptation 
surface results from an active balance between closing and tethering forces (Figure 1). 
A dilatation of the annulus will lead to a diminution of this surface and to an imbalance of 
these forces; a mitral regurgitation (MR) will ensue.  
Normal MV function depends upon the complex interactions of all the different 
components of the valve. 
The anterior leaflet covers the 2/3 of the valve orifice but occupies 1/3 of the annulus 
circumference. The posterior leaflet occupies approximately 2/3 of the annulus 
circumference but covers only 1/3 of the valve orifice. The base of the anterior leaflet lies 
in closed proximity to the left and non-coronary cusps of the aortic valve. The combined 
surface area of the mitral leaflets is twice that of the mitral orifice, permitting large areas 
of coaptation. The two leaflets are joined at the anterolateral and posteromedial 
commissures, each of which is associated with a corresponding papillary muscle. 
Following Carpentier nomenclature (Figure 2), the posterior leaflet consists of three 
scallops: lateral (P1), middle (P2) and medial (P3); for descriptive purposes, the anterior 
leaflet is also divided into three parts: lateral third (A1), middle third (A2) and medial third 
(A3).  
The annulus is composed of fibroblastic tissue and completely encircles the orifice in a 
cone like shape. During systole, the annulus is a saddle-shaped ellipse, whereas it is 
almost round at end-diastole.This saddle-shape is particularly relevant for the diagnosis 
of a mitral valve prolapse as far as the level of the annulus will appear deeper in the 
ventricular cavity in the transverse view (0°) as in the longitudinal one (120°)2 (Figure 3). 
To avoid false positives, the diagnosis of mitral valve prolapse should be done 
exclusively in the longitudinal view. 
The mean mitral valve annular diameter for normal individuals varies between 20 and 38 
mm at early diastole. It varies depending on the plan of visualisation due to its elliptic or 
D-shape (Figure 4). The annulus fibrosus of the mitral annulus becomes thinner and 
poorly defined as it extends posteriorly from the left and right trigones. This portion of the 
annulus is poorly supported and is prone to dilatation. The posterior leaflet of the mitral 
valve attaches to this portion of the annulus. Dilatation of the annular attachment of the 
posterior leaflet creates an increased tension on the middle scallop (P2) of the posterior 
leaflet explaining why  60% of chordal tears occur at the P2 scallop.  
The chordae tendinae are strong fibrous chords extending from the margins of the 
leaflets to the papillary muscles. They are divided into first order chordae if they insert 
into the free edge of the leaflets, second order if they insert into the ventricular side of 
the leaflets and third order if they insert into the basis of the leaflets. The chordae from 
both papillary muscles insert into both leaflets. 
The papillary muscles are large trabeculae carnae. Each papillary muscle has a 
consistent relationship with its respective commissural area (anterolateral and 
posteromedial). The antero-lateral one is more commonly supplied by 2 separate 
arteries, the left anterior descending and circumflex coronary arteries, while a single 
artery supplies the posterior papillary muscle: the posterior descending coronary artery 
arising most of the time from the right coronary artery. This explains the greater 
incidence of posterior papillary muscle dysfunction or rupture due to ischemia. 
The subvalvular apparatus pulls the annulus and base of the heart toward the ventricular 
apex during systole thereby shortening the longitudinal axis of the left ventricle (LV). It 
provides support for the leaflets, facilitating coaptation and preventing prolapse. 
 
Bidimensional imaging 
 
Lambert et al3 developed a systematic MV examination to improve intraoperative 
identification of mitral segments, precise localisation of the pathology, and determine the 
mechanism of MR. TOE correctly identified 96% of mitral segments as being normal or 
abnormal in the prospective group. In the retrospective study (non systematic 
assessment), 70% of segments only were correctly identified. They concluded that a 
systematic approach improves identification of mitral segments and of precise 
localisation of pathologies and may improve the diagnosis of the mechanism of MR. 
The MV is examined through four mid-oesophageal and two transgastric views. The mid 
oesophageal views are all developed by first positioning the transducer posterior to the 
mid level of the left atrium (LA), approximately 30 to 35 cm distal to the incisors, and 
directing the imaging plane through the mitral annulus parallel to the transmitral flow. 
Retroflexion of the probe is often necessary. The multiplane angle is then rotated 
forward to develop the mid oesophageal 4-chamber view (Figure 5). The posterior leaflet 
P1 is to the right of the image display, and the anterior mitral leaflet A3 is to the left.  The 
multiplane angle is further rotated to 60°; a transition in the image occurs beyond which 
the posterior leaflet is to the left of the display and the anterior to the right (Figure 6).  At 
this transition angle, the imaging plane is parallel to the line that intersects the two 
commissures of the MV and forms the mid oesophageal mitral commissural view. P1 is 
to the right of the display, P3 is to the left, A2 or P2 is in the middle of the display, 
depending on the level of the cross-section. 
Further rotating the angle of the probe will gradually show the different part of the MV 
with the mid oesophageal 2-chamber view (Figure 7) and the mid oesophageal 
longitudinal view (Figure 8). In the 2-chamber view, P3 is to the left of the display and A1 
is to the right; the longitudinal view shows P2 on the left of the display and A2 on the 
right. 
Transgastric views of the MV are developed by advancing the probe until the transducer 
is leveled with the base of the LV, approximately 35 to 40 cm distal to the incisors 
(Figure 9).  An anteflexion of the tip of the probe and a slight withdrawing of the probe 
will be mostly required to obtain an orthogonal short-axis view of the MV; the 
posteromedial commissure is in the upper left of the display, the anterolateral 
commissure is to the lower right of the display, the posterior leaflet is to the right and the 
anterior one to the left of the display. A true orthogonal view of the MV is often difficult to 
obtain. In this case, the probe is withdrawn to get the posteromedial commissure, then 
further advanced in the stomach to get the anterolateral commissure. In the transgastric 
short-axis view, wall motion abnormalities should also be observed.  
The rotation forward of the multiplane angle to 90° will show the transgastric two-
chamber view (Figure 10); it will help us to assess the chordae tendinae (posterior 
chordae on the top of the screen, anterior on the bottom) and the papillary muscles. 
 
Doppler imaging 
 
Colour Doppler should be used in every cross-section to detect, localise and 
semiquantify MV flow abnormalities.  
The transmitral Doppler spectral flow depends upon the instantaneous relationship 
between the left atrial and the left ventricular pressures (Figure 11). It will vary according 
to the pre- and afterload, ageing and heart rate. To assess accurately the maximal 
velocity of transmitral flow, the sample of the pulse wave Doppler (PWD) should be 
placed at the tip of the mitral leaflets (in case of CO assessment, the sample should be 
placed at the level of the annulus) and kept to a minimal size (3 to 5 mm)(Figure 12). 
The Doppler beam should be aligned such that the angle between the beam and the 
direction of the flow is as close to zero as possible. The mitral flow is constituted of four 
different periods : the isovolumic relaxation time (IVRT), the rapid filling phase or E 
wave, the diastasis and the active filling phase or atrial contraction or A wave (Figure 11 
and 12; Table 1).  
To assess exhaustively the function of the mitral valve as well as diastolic left ventricular 
function, the pulmonary venous flow should be interrogated (Figure 12; Table 1). The 
sample of the PWD should be placed 1 to 2 cm into the pulmonary vein, preferably into 
the upper left one. The pulmonary venous flow is constituted of four different waves: the 
systolic wave, divided in two parts: S1 depending upon the atrial relaxation and S2 
depending upon the LV function, the diastolic passive wave or D and the diastolic 
retrograde wave during atrial systole or Apulm. The diastolic part of the pulmonary flow 
varies in accordance to the transmitral flow. 
 
The aortic valve 
 
Anatomy 
 
The aortic valve is a semilunar valve with 3 cusps of similar size. Each cusp is attached 
to the aortic root at its lower edge along a U-shaped line with its upper free edge 
protruding into the lumen of the aorta. Behind each cusp is a pocket-like dilatation of the 
aortic root called sinus of Valsalva. The three cusps are named according to their 
relationship with the coronary arteries: the left, right and noncoronary cusps. The 
adjacent portions of the left and noncoronary cusps are in continuity with the base of the 
anterior leaflet of the mitral valve. The anterior halves of the right and left cusps are in 
contact with the muscular interventricular septum. The region where the aortic valve 
joins the cylindrical portion of the ascending aorta is called the sino-tubular junction. The 
left ventricular outflow tract (LVOT) is situated just inferior to the aortic valve. The whole 
aortic root is generally considered during assessment of the aortic valve. It includes the 
aortic valve annulus, the cusps, the sinuses of Valsalva, the right and left coronary ostia, 
the sino-tubular junction and the proximal ascending aorta.  
 
Bidimensional imaging 
 
The aortic root is usually easy to visualise with TOE and needs 3 cross-sections for a 
complete evaluation. The mid oesophageal 5-chamber view (0°) should initially be 
obtained, approximately 30 to 35 cm distal to the incisors. With the aorta brought in the 
middle of the display, the multiplane angle is rotated forward between 30 and 60° to 
develop the mid oesophageal short-axis view of the valve (Figure 13). The left coronary 
cusp is then on the top of the screen (posterior), the right one on the bottom (anterior) 
and the non-coronary cusp is situated on the left of the display, facing the interatrial 
septum. A planimetry of the opening surface of the valve may be traced in this view 
(Figure 14A). The correct opening and closure of the aortic valve as well as the 
exclusion of a LVOT obstruction may also be assessed in this view, using TM-mode 
perpendicularly to the valve (Figure 14B). Colour flow Doppler is applied in this cross-
section to assess the presence of aortic regurgitation and to estimate the size and 
location of the regurgitation orifice.  
The probe is withdrawn or anteflexed slightly to move the imaging plane superiorly 
through the sinuses of Valsalva to show the right and left coronary ostia and arteries. 
The probe is then advanced through and then inferiorly to the valve to produce a short-
axis view of the LVOT. 
As the multiplane angle is further rotated to 120° to 160°, the long-axis of the aortic 
valve will be obtained with a good view of the LVOT, the sino-tubular junction and the 
proximal ascending aorta (Figure 15). The LVOT is on the left of the display and the 
ascending aorta on the right. The cusp on the bottom of the screen (anterior) is the right 
coronary cusp. The cusp situated superiorly is usually the noncoronary cusp, but may be 
the left one, depending upon the location of the imaging plane. In this view will be 
measured the dimensions of the aortic annulus, sino-tubular junction and proximal 
ascending aorta. The aortic annulus is measured during systole at the points of 
attachment of the aortic valve cusps to the LVOT (Figure 16). The normal aortic annulus 
dimension in systole is usually between 1.8 and 2.5 cm. Colour Doppler flow applied in 
this view will allow the detection and semi-quantification of an aortic regurgitation.  
The transgastric long-axis view is obtained by advancing the probe in the stomach, 
approximately 35 to 40 cm distal to the incisors, to obtain the classical short-axis basal 
view of the LV. The multiplane angle is then rotated forward to 90 to 120° to visualise 
the aortic valve on the bottom right of the display (Figure 17). The LV outflow is directed 
away from the transducer in this view. Finally, a deep transgastric view may be obtained 
by advancing the probe deep into the stomach and positioning the probe adjacent to the 
LV apex at 0°. The probe is then maximally anteflexed and slightly rotated to obtain the 
aortic valve in long-axis centred at the bottom of the display (Figure 18).  The aortic 
valve is located in the far field at the bottom of the display with the LV outflow directed 
away from the transducer. These last 2 views offer the best alignment with the aortic 
flow for Doppler assessment. Detailed assessment of the anatomy of the valve is 
however difficult in these views because the LVOT and the aortic valve are located too 
far from the transducer. 
Peak outflow velocity at the aortic valve is obtained most easily with continuous wave 
Doppler, assuming there is no obstruction to outflow proximal to the valve such as a 
subaortic membrane or hypertrophic obstructive cardiomyopathy. Blood flow velocity in 
the LVOT is measured using the pulse wave Doppler sample positioned in the middle of 
the LVOT, just inferior to the aortic cusps. Normal LVOT and aortic outflow velocities are 
less than 1.5cm/sec (Figure 19; Table 1) 
 
Tricuspid valve 
 
Anatomy 
 
The tricuspid valve is constituted of three leaflets (anterior, posterior and septal), 
multiple chordae tendinae and 3 small papillary muscles, a supporting annular ring and 
the RV myocardium. The septal insertion of the tricuspid valve is normally slightly (1 to 2 
cm) more apical than the insertion of anterior mitral leaflet (Figure 5). Exceptions to this 
rule are: the atrioventricular canal in which case both valves are inserted at the same 
level and the Ebstein pathology where parts of the tricuspid valve is inserted much lower 
in the ventricular cavity. The tricuspid valve has chordae tendinae inserted on 3 papillary 
muscles, one of which is on the interventricular septum, which is another way to 
differentiate it from the mitral valve. 
 
Bidimensional imaging 
 
The tricuspid valve can be visualised with TOE from three main views. The probe should 
be positioned in the mid or low oesophagus to get a 4-chamber view (Figure 20). The 
septal and posterior leaflets will be visualised. The probe should be advanced and 
withdrawn to map the entire tricuspid annulus from its inferior to superior extent. 
The mutliplane angle is then rotated forward to 60° to obtain the right ventricular inflow-
outflow view, with the anterior (closed to the aorta) and posterior (on the free wall of the 
right ventricle) leaflets of the tricuspid valve on the left of the screen as well as the 
pulmonary valve on the right of the screen (Figure 21). The use of Colour Doppler will 
allow the detection of tricuspid flow abnormalities.  
The probe should then be pushed further down in transgastric position and rotated to 
30° to obtain a short-axis of the valve with the anterior leaflet on the bottom of the 
screen and the posterior and septal ones on the top of the screen (Figure 22). Further 
rotating the multiplane angle to 110° will show the RV inflow long-axis view, with the 
posterior wall on the top of the screen, the anterior wall with the papillary muscles on the 
bottom of the screen and the posterior and anterior leaflet of the tricuspid valve (Figure 
23).  
 
Doppler imaging  
 
The transtricuspidal Doppler flow will be optimally obtained in the deep oesophageal 
view between 0 and 60°, using pulsed wave Doppler. Normal tricuspid blood flow is M-
shaped, similar to that of transmitral blood flow, with the two characteristic waves, E and 
A, occuring in early diastole and during atrial systole (Table 1). Tricuspid blood flow 
velocities are usually lower than transmitral blood flow velocities and show a greater 
variation during ventilation, particularly during positive pressure ventilation. During 
mechanical ventilation, the E/A peak velocity ratio exhibits cyclic changes within the 
respiratory cycle so that an accurate analysis is difficult. During positive pressure 
inspiration, transmitral blood flow peak velocities will increase while tricuspid blood flow 
peak velocities will decrease. Reverse is true during expiration (Figure 24). 
Colour Doppler at the tricuspid level allows rapid detection of tricuspid regurgitation, 
which is a frequent and normal finding, particularly in mechanically ventilated patients. 
Using continuous Doppler recording parallel to the regurgitant flow allows the 
determination of the maximal velocity of the backward flow (Vmax). Applying the 
Bernouilli equation, the gradient between right ventricle and atrium might be assessed: 
P = 4Vmax2 
In the absence of ventricular shunt, adding the central venous pressure value to this 
gradient will give a good estimation of the right ventricular systolic pressure. In the 
absence of any pathology of the RV outflow tract or of the pulmonary valve, the systolic 
ventricular pressure will be the same as the systolic pulmonary pressure (Figure 25). 
When the quality of the tricuspid regurgitant flow envelope is not good enough for an 
accurate measurement, it may be enhanced by saline or contrast medium injection 
through a peripheral or central venous line. 
 
Pulmonary Valve 
 
Anatomy 
 
The pulmonary valve is a semilunar valve constituted of 3 cusps and an annulus. The 
right ventricular infundibulum and the pulmonary valve are part of the right ventricular 
outflow tract (RVOT) that extends from the crista supraventricularis to the bifurcation of 
the main pulmonary artery.  
 
Bidimensional imaging 
 
The pulmonary valve and the main pulmonary artery can be assessed with TEE in the 
basal view (Figure 26). The probe is placed in the upper-oesophagus 0° to 30-40° plane, 
approximately 28 to 30 cm distal to the incisors. Pulmonary artery flow velocity can be 
assessed in this view, using pulsed Doppler. Other views to assess the pulmonary valve 
are the mid oesophageal inflow-outflow 60° view previously described (Figure 21 and 
27) as well as the deep transgastric 120° view (Figure 28). This last view offers the best 
alignement for Doppler interrogation of the pulmonary valve. Transpulmonary flow is 
similar to transaortic flow with lower velocity (Table 1). Normally, RV ejection velocity 
increases more gradually, exhibits a peak occurring close to midejection, and decreases 
more slowly than LV ejection velocity (Figure 29). Pulmonary insufficiency or stenosis 
should be searched for applying colour Doppler in each of these views.  
 
Conclusion 
 
A systematic approach should be applied to assess the cardiac valves as well as for 
every TEE examination to avoid missing important diagnosis. 
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Tabel 1: Normal Doppler values by adults 
Localisation Velocity and times  
Mitral flow 
                             E 
                             A 
                             E/A 
                             tDE 
                             IVRT 
Pulmonary venous flow 
                             S 
                             D 
                             A 
LVOT flow 
Aortic valve flow 
Tricuspidal flow 
                             E 
                             A 
Pulmonary artery flow 
 
0.6 to 1.3 m/sec 
0.4 to 0.8 m/sec 
1.2 to 1.4 
180 to 210 msec 
75 to 90 msec 
 
0.5 m/sec 
0.4 to 0.5 m/sec 
-0.15 m/sec 
0.8 to 1.3 m/sec 
1 to 1.7 m/sec 
 
0.3 to 0.7 m/sec 
0.3 m/sec 
0.6 to 0.9 m/sec 
 
 
Figure1: Mitral leaflets coaptation 
 
 
Active balance:   Closing force 
Tethering force 
 Figure 2: Carpentier nomenclature: mitral valve viewed from the left ventricle as in a 
basal transgastric view, with the position of the different examination planes of a 
multiplane transesophageal probe. 
 
 
 
Figure 3: Saddle-shape of the mitral annulus 
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 Figure 4: Diameter of the mitral valve annulus: The diameter of the valve varies in 
function of the plane of the view due to the D-shape of the valve 
 
Figure 5: Four-chamber view (0° - 20°) 
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LA: left atrium; LV: left ventricle; RA: right atrium; RV: right ventricle.
Figure 6: Commissural view (60°) 
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LA: left atrium; LV: left ventricle
Figure 7:  Two-chamber view (90°)  
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LA: left atrium; LV: left ventricle
 Figure 8: longitudinal view (120°) 
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LA: left atrium; LV: left ventricle; RV: right ventricle; Ao: aorta 
 Figure 9: Transgastric short-axis view (0°) 
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AML: anterior mitral leaflet; PML: posterior mitral leaflet; 
 Figure 10: Transgastric two-chamber view (90°) 
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LA: left atrium; LV: left ventricle 
 Figure 11: Normal transmitral flow and transvalvular pressure gradient 
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1: isovolumic relaxation time (IVRT) from the aortic valve closure (AVC) to the mitral valve opening 
2: rapid filling phase (E wave); 3: diastasis; 4: atrial contraction (A wave); DT: deceleration time 
 
 
 
 
 Figure 12: Normal transmitral and transpulmonary venous flow 
 
 
 
 
 
 
LA: left atrium; LV: left ventricle; LSPV: left superior pulmonary vein; PV: pulmonary vein; MV: mitral valve 
Figure 13: Short-axis view of the aortic valve and coronary arteries 
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RA: right atrium; LA: left atrium; PA: pulmonary artery; LCA: left coronary artery; RCA: right coronary 
artery; NC: noncoronary cusp. 
 Figure 14: (A) Aortic valve planimetry (1.88cm2) and (B) TM-mode through the aortic 
valve showing a normal opening of the valve by a 14 yo patient 
 
A 
 
B 
Figure 15: Long-axis of the aortic root 
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LA: left atrium; AO: aorta; RVOT: right ventricular outflow tract 
Figure 16: Aortic valve annulus diameter: The diameter of the aortic valve annulus is 
1.62 cm. 
 
Figure 17: Transgastric long-axis 120° view 
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LA: left atrium; LV: left ventricle; Ao: aorta 
 
 Figure 18: Deep-transgastric long-axis 0° view 
 
Figure 19: Pulsed wave Doppler through the LVOT (A) and continuous wave Doppler 
through the aortic valve (B) 
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Figure 20: Low-oesophageal view (0°) 
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LA: left atrium; LV: left ventricle; RA: right atrium; RV: right ventricle; STL: septal tricuspid leaflet, ATL: 
anterior tricuspid leaflet, CS: coronary sinus; IVS: interventricular septum. 
Figure 21: RV inflow-outflow view (60°) 
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LA: left atrium; RA: right atrium; RV: right ventricle; PTL: posterior tricuspid leaflet; ATL: anterior tricuspid 
leaflet; PV: pulmonary valve. 
 Figure 22: Short-axis transgastric tricuspid valve  
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Ao: aorta; LVOT: left ventricular outflow tract; PTL: posterior tricuspid leaflet; ATL: anterior tricuspid leaflet; 
STL: septal tricuspid leaflet. 
 Figure 23: RV inflow long-axis view transtgastric 
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RA: right atrium; RV: right ventricle, ATL: anterior tricuspid leaflet; PTL: posterior tricuspid leaflet. 
 
Figure 24: Mitral (A) and tricuspid (B) Doppler flow variations during respiration. 
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 Figure 25: Pulmonary pressure assessment with continuous Doppler through the 
tricuspid regurgitation: The maximal velocity of the tricuspid regurgitation is 3.33 m/sec 
and gives a pressure gradient of 44 mmHg between the right ventricle and the right 
atrium. Considering a central venous pressure of 10 mmHg, the pulmonary systolic 
pressure in this case would be around 54 mmHg. 
 
 
 
Figure 26: Basal view of the pulmonary valve 
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PA: pulmonary artery; RVOT: right ventricular outflow tract; Ao: aorta; SVC: superior vena cava 
 
 
Figure 27: Mid oesophageal inflow-outflow view 60° centered on the pulmonary valve 
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LA: left atrium; RA: right atrium; RV: right ventricle; PTL: posterior tricuspid leaflet; ATL: anterior tricuspid 
leaflet, PV: pulmonary valve.
Figure 28: Transgastric view of the RVOT and pulmonary valve (120°) 
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RA: right atrium; RV: right ventricle; PA: pulmonary artery; RVOT: right ventricular outflow tract; TV: 
tricuspid valve; AO: aorta; AV: aortic valve 
Figure 29: Transpulmonary pulsed wave Doppler flow  (basal view 0°) 
 
 
